Differential thermal nociception across inbred mouse strains has genetic determinants. Thermal 22 nociception is largely attributed to the heat/capsaicin receptor TRPV1; however, the contribution of this 23 channel to the genetics of thermal nociception has not been revealed. In this study we compared TRPV1 24 expression levels and electrophysiological properties in primary sensory neurons and thermal nociceptive 25 behaviors between two (C57BL/6 and BALB/c) inbred mouse strains. Using immunofluorescence and 26 patch-clamp physiology methods, we demonstrated that TRPV1 expression was significantly higher in 27 isolectin B 4 (IB 4 ) -positive trigeminal sensory neurons of C57BL/6 relative to BALB/c; the expression in 28 IB 4 -negative neurons was similar between the strains. Furthermore, using electrophysiological cell 29 classification (current signature method), we showed differences between the two strains in capsaicin 30 sensitivity in IB 4 -positive neuronal cell types 2 and 13, that were previously reported as skin nociceptors. 31
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Otherwise electrophysiological membrane properties of the classified cell types were similar in the two 32 mouse strains. In publicly available nocifensive behavior data and our own behavior data from the using 33 the two mouse strains, C57BL/6 exhibited higher sensitivity to heat stimulation than BALB/c, 34 independent of sex and anatomical location of thermal testing (the tail, hind paw and whisker pad). The 35 TRPV1 selective antagonist JNJ-17203212 inhibited thermal nociception in both strains; however, 36 removing IB 4 -positive trigeminal sensory neurons with IB 4 -conjugated saporin inhibited thermal 37 nociception on the whisker pad in C57BL/6, but not in BALB/c. These results suggest that TRPV1 38
Introduction

42
Pain perception varies across individuals. Systematic reviews of twin studies on pain demonstrate large 43 effects of genetic factors on experimental pain and clinical pain syndromes (Nielsen et al., 2008; 2012; 44 MacGregor et al., 1997) . Genetic heritability of nociception has also been reported among inbred mouse 45 strains (Mogil et al., 1999a; 1999b; 1999c; Lariviere et al., 2002; Furuse et al., 2002) . Previous studies on 46 genetic heritability of pain have identified several genes whose variable expression on nociceptors 47 determines pain traits. For example, calcitonin gene-related polypeptide (CGRP) in dorsal root ganglion 48 (DRG) neurons affects thermal nociception in inbred mouse strains (Mogil et al., 2005) . Lower 49 expression of P2X 3 , (a nociceptive adenosine 5'-triphosphate sensitive channel), on DRG neurons 50 correlates with lower sensitivity to a P2X 3 -selctive agonist, a noxious stimulus (Tsuda et al., 2002) . 51
The transient receptor potential vanilloid 1 (TRPV1) channel is an important transducer for noxious 52 heat in primary sensory neurons, but the relationship between TRPV1 expression and thermal nociceptive 53 traits in inbred mouse strains is unknown. TRPV1 responds to both noxious heat (>43°C) and capsaicin 54 and is expressed in many mouse peptidergic sensory neurons that contain CGRP and do not bind isolectin 55 B 4 (IB 4 ) (Dinh et al., 2003; Price and Flores, 2007) . But, early studies which measure TRPV1 expression 56 in IB 4 -positive neurons are in disagreement. Electrophysiological studies confirm capsaicin sensitivity in 57 IB 4 -positive DRG neurons of C57BL/6 (Dirajlal et al., 2003; Breese et al., 2005) , while 58 immunofluorescent studies demonstrate lack of TRPV1 expression in IB 4 -positive DRG neurons of 59 BALB/c and C3H/Bl6 (Zwick et al., 2002 : Woodbury et al., 2004 . Reasons for the inconsistent results 60 are not clear. Technical or mouse strain differences might be responsible: however, a systematic study has 61 not been performed to address the question. C57BL/6 has been reported to have higher thermal pain 62 sensitivity and aversion to capsaicin solution than BALB/c (Mogil et al., 1999a; 1999b; 1999c; Lariviere 63 et al., 2002; Furuse et al., 2002) . Since IB 4 -positive afferents predominantly innervate the epidermal layer 64 of the skin (Price and Flores, 2007), differences in TRPV1 expression level in IB 4 -binding neurons may 65 contribute to strain differences in cutaneous thermal nociceptive sensitivity. 66 8 First, CP1 and the cell size ranges were used to delineate cell types 1, 2, 9 and 13. If neurons expressed 168 TOC (>30 pA), they were divided into types 2 and 13 based on the absence or presence of I H (>30 pA). 169
Furthermore, neurons with neither TOC nor I H were divided into types 1 and 9 based on whether they 170 were small or medium in size. Second, CP3 and cell size ranges were used to determine cell types 3, 4 171 and 7. In small sized neurons that expressed I H without TOC during CP1, they were divided into types 3 172 and 7 by virtue of expressing either fast decaying (fast) or slow decaying (slow) inward currents during 173 CP3. If medium-sized neurons that expressed I H without TOC showed fast inward currents, they were 174 determined to be type 4. Third, CP2 was used to determine cell types 5, 6 and 8, which were defined by 175 the presence of I H without TOC during CP1, slow inward currents during CP3 and medium cell size. 176
Types 5, 6 and 8 were delineated based on whether the AT during CP2 was 0 mV, -40 mV or -20 mV. 177
After electrophysiological classification, the cell types were compared to previously-reported TG and 178 DRG cell types based on IB 4 -binding and current properties (Xu et al., 2010; Ono et al., 2010; Petruska et 179 al., 2000b; 2002; Jiang et al., 2006; Rau et al., 2011; 2014) . 180
Publicly available database for thermal pain tests. Data from the "Heritability of Nociception Project", 181 which is publicly available on the Jackson Laboratory's Mouse Phenome Database Website 182 (http://www.jax.org/phenome; Projects: Mogil1 and Jaxwest1), were used for comparison of thermal pain 183 thresholds between C57BL/6 and BALB/c. Detailed experimental methods, the protocol and comparative 184 results can be found in previous publications (Mogil et al., 1999b; 1999c; Lariviere et al., 2002) apply heat stimulation to the whisker pad, mice were restrained in a plastic tube during measurements (37 196 animals in each strain; 5 animals were tested in the hind paw). The retention tube was made from a 50-ml 197 conical tube by creating a hole of 13 mm in diameter at the bottom of the tube, and then cutting at the 30-198 ml graduation line. Mice were habituated to enter and stay in the retention tube for three sessions (once 199 per day) prior to thermal testing. For whisker pad testing, a thick-paper cone with a 7 mm diameter 200 opening on the top was attached to the thermal stimulator to keep a constant distance (8 cm) and heat-201 filament position from the whisker pad. A radiant heat source was focused on the hind paw or whisker 202 pad and latency to withdrawal was measured as the average of 4 trials per animal taken >5 minutes apart. volume of saline was administrated (6 animals in each strain). Thermal pain tests at the whisker pad were 208 performed before and 1 hr after the treatments; the experimenter was blinded to the drug treatments. The 209 drug concentration and observation time were decided from previous studies (Huang et al., 2011; Ye et 210 al., 2014a) . 211
To examine involvement of IB 4 -positive neurons in withdrawal behavior, IB 4 -saporin (2 μg in 10 μl 212 PBS) or unconjugated saporin (Advanced Targeting Systems, CA, USA) was administrated into the right 213 infraorbital foramen under 2.5% isoflurane anesthesia (5 animals for each drug administration in each 214 strain). According to previous studies (Ye et al., 2012) , the thermal pain test for the whisker pad was 215 performed 15 days after the treatment; the experimenter was blinded to the drug treatment To confirm 216 removal of IB 4 -positive neurons after the treatment of IB 4 -saporin, the right TG was removed after the 217 pain test, cut in the horizontal plane at 10 μm thickness and stained with IB 4 -fluorescein isothiocyanate, 218 as described above. As a preliminary experiment, the neuronal tracer, fluorogold (10% in PBS: 10 μl), 219 was injected similar to the IB 4 -SAP injection (C57BL/6: two animals and BALB/c: one animal) and the 220 specific labeling to the second branch area of the TG (V2) was confirmed. Therefore, mean fluorescence 221 intensities in the V2 were compared to those of the first branch area of the TG (V1) on the same section. 222
Two random sections from each mouse were used for quantification of each staining. 223
Statistical analyses. Data are presented as the mean ± SEM; n represents the number of neurons tested. 224
The levels of Trpv1 mRNA were calculated as a ratio change relative to the mean value for C57BL/6. 225
Mann-Whitney U test was used to compare the different groups (C57BL/6 vs BALB/c, IB 4 -positive vs 226 IB 4 -negative, two electrically-subclassified cell types and control vs drug treatment) when cell numbers in 227 the groups were over four. Fisher's exact test was used to compare percentages of responders between the 228 two groups. To compare parameters between greater than two electrically-subclassified cell types in the 229 same strains, the Dunn's multiple comparison post hoc test was used following the Kruskal-Wallis test. 230
Significance was accepted at P< 0.05. 231
232
RESULTS
233
TRPV1 expression in TG neurons. To begin, we performed qRT-PCR to determine whether there were 234 transcript differences in Trpv1 mRNA in isolated whole TGs. With qRT-PCR, we failed to detect 235 significant differences between the two strains in Trpv1 transcript levels in TGs (5 animals in each; Fig.  236 1A). Since previous studies showed differences in TRPV1 expression between IB 4 -positive and IB 4 -237 negative neurons (Dinh et al., 2003; Price and Flores, 2007; Dirajlal et al., 2003; Breese et al., 2005; 238 Zwick et al., 2002 : Woodbury et al., 2004 , we next compared TRPV1 expression in these two neuronal 239 subtypes in the TG neurons isolated from the two strains. As our qRT-PCR results did not allow us to 240 quantify the specific expression levels of Trpv1 in IB 4 -positive and IB 4 -negative subpopulations, we 241 relied on immunofluorescence from 3 animals in each strain (Fig. 1B) . In our immunofluorescent studies, 242 TRPV1 immunoreactivity was higher in IB 4 -positive neurons of C57BL/6 than those of BALB/c (P<0.05, 243 n=10/47, 21.3% and 2/48, 4.2%, respectively; Fig. 1C ). IB 4 -binding in TRPV1-immunoreactive neurons 244 were also significantly higher in C57BL/6 than BALB/c (P<0.05, n=10/56, 17.9% and 2/48, 4.2%, 245 respectively; Fig. 1C) . 246
Capsaicin sensitivity in IB 4 -positive vs IB 4 -negative TG neurons. Given the differences in TRPV1 247
immunoreactivity in the IB 4 -positive subpopulations, we next determined whether there were differences 248 in sensitivity to the TRPV1-selective agonist capsaicin in the subpopulations of the two strains. In freshly 249 dissociated TG neurons, IB 4 -positive neurons accounted for approximately 30% of total neurons 250 (C57BL/6: n=28/90, 31% and BALB/c: n=37/108, 34%, from 3 animals in each strain). To optimize the 251 potential of finding differences in capsaicin sensitivity, we ensured that the IB 4 -positive and -negative 252 subpopulations were equally represented in whole-cell patch-clamp recordings (C57BL/6: n=45 and 40, 253 respectively, and BALB/c: n=41 and 49, respectively). There were no discernable differences in cell 254 shape or IB 4 staining of acutely dissociated TG neurons between C57BL/6 and BALB/c strains ( Fig. 2A) . 255
Cell size distributions of IB 4 -positive and IB 4 -negative neurons between C57BL/6 and BALB/c were 256 similar (Fig. 2B) , indicating morphological equivalence of collected neurons between both strains in our 257 experiments. In 32 of 85 C57BL/6 neurons and 19 of 90 BALB/c neurons, application of 1 μM capsaicin 258 for 5 s induced inward currents with the peak after the end point of the application (Fig. 2C) . TG neurons 259 from C57BL/6 had the same proportion of IB 4 -positive and -negative neurons responding to capsaicin 260 (n=17/45, 37.8% and 15/40, 37.5%, respectively), but TG neurons from BALB/c had fewer IB 4 -positive 261 neurons responding to capsaicin than IB 4 -negative neurons (P<0.01, n=2/41, 4.9% and 17/49, 34.7%, 262 respectively; Fig. 2D ). There were significantly more capsaicin-sensitive IB 4 -positive neurons in 263 C57BL/6 than BALB/c (P<0.01), but there was no strain difference in the proportion of capsaicin-264 sensitive IB 4 -negative neurons (Fig. 2D) . The electrophysiological results were consistent with the present 265 immunofluorescence results. As shown in Fig. 2E , densities of capsaicin-induced current in IB 4 -positive 266 neurons seemed to be higher in C57BL/6 (n=17) than BALB/c (n=2), but those in IB 4 -negative neurons 267
were similar between C57BL/6 and BALB/c (n=15 and 17, respectively). 268
Electrophysiological properties in IB 4 -positive vs. IB 4 -negative TG neurons. We compared 269 electrophysiological properties, membrane resistance (R m ), resting membrane potential (E m ), TOC and I H12 (see CP1-induced traces in Fig. 4B and C, respectively) of dissociated TG neurons between C57BL/6 and 271 BALB/c. These electrophysiological properties in IB 4 -positive or IB 4 -negative neurons were similar 272 between the strains (Fig. 3) . When comparing IB 4 -positive and IB 4 -negative neurons in both strains, we 273 observed some significant differences, namely, higher R m s (P<0.01; Fig. 3A were comparable to those of rat TG and DRG neurons which were classified based on the current 281 signature (Petruska et al., 2000b; 2002; Xu et al., 2010; Ono et al., 2010) . 282
Cell classification by current signature. We subclassified the mouse TG neurons into 10 cell types (1-9 283 and 13, similar to rat subclassifications), by modifying the size cutoff to accommodate for the fact that 284 mouse neurons are smaller than rat neurons (Barabas et al., 2012) . Because few cells classified to the type 285 3 (n=1 in each strain) and the type 5 (C57BL/6: n=2, and BALB/c: n=1), these two cell types were 286 eliminated from the following analysis. Representative current signatures in classified cell types of mouse 287 TG neurons are illustrated in Fig. 4 . 288
All type 1 cells (C57BL/6: n=16 and BALB/c: n=19) were small in size, did not exhibit TOC or I H , and 289 expressed a slow inward current evoked by CP3 (Fig. 4A) . Half of the cells expressed no clear I A 290 component in CP2-evoked current (C57BL/6: n=10 and BALB/c: n=8; Fig. 4A ) and others expressed a 291 slowly-inactivated I A component (data not shown). Approximately 40% of them were IB 4 -positive in both 292 C57BL/6 (n=7/16) and BALB/c (n=7/19) strains. Since the current and IB 4 -binding profiles were similar 293 to those of rat TG type 1 (Xu et al., 2010; Ono et al., 2010) , all these cells were characterized as type 1. 294
Type 2 cells (C57BL/6: n=28 and BALB/c: n=27) were both small and medium in size, and displayed 295 TOC expression without I H (Fig. 4B ). All cells expressed slow inward current evoked by CP3 and nearly 296 all (C57BL/6: n=24/28 and BALB/c: n=26/27) expressed slowly-inactivated I A component in CP2-evoked 297 current (Fig. 4B) . The current profiles corresponded to what has been reported for rat TG and DRG type 2 298 (Petruska et al., 2000b; Xu et al., 2010) . Almost all type 2 cells of C57BL/6 (n=28/28) and BALB/c 299 (n=24/27) were IB 4 -positive. Since all rat type 2 cells have been reported to be IB 4 -positive (Petruska et 300 al., 2000b; Ono et al., 2010) , the three IB 4 -negative cells in BALB/c were excluded from further analyses. 301
The type 4 cells (C57BL/6: n=6 and BALB/c: n=8) were classified as medium in size and displayed I H 302 and fast inward current expressions without TOC (Fig. 4C ). All cells were IB 4 -negative and expressed 303 rapidly-inactivated I A component in CP2-evoked current, corresponding to rat TG and DRG type 4 cells 304 (Petruska et al., 2000b; Xu et al., 2010; Ono et al., 2010) . Many of the CP2-evoked currents were -40 mV 305 at AT (C57BL/6: n=4 and BALB/c: n=6; Fig. 4C ), but a few were -20 mV at AT. The latter cases were 306 similar to rat DRG types 14 and 16 in a recent study (Rau et al., 2014) rather than those of rat type 4 cells. 307
Therefore, only the former cases were analyzed as type 4 cells. 308
Type 6 cells (C57BL/6: n=6 and BALB/c: n=3) were defined as medium in size with I H , -40 mV at AT 309 and slow inward current expressions without TOC (Fig. 4D) ; this cell type has not been reported in rat TG 310 studies (Xu et al., 2010; Ono et al., 2010) . All cells were IB 4 -negative and many cells expressed rapidly-311 inactivated I A component in CP2-evoked current (C57BL/6: n=4/6 and BALB/c: n=2/3; Fig. 4D ), which 312 matched to reported rat DRG type 6 cells (Petruska et al., 2000b; 2002) . However, a few cells expressed 313 slowly-inactivated I A component (C57BL/6: n=2 and BALB/c: n=1). Since the number of reliable type 6 314 cells of BALB/c was not enough (n=2) to perform statistical analyses, the cell type was excluded from 315 further analyses. 316
Type 7 cells (C57BL/6: n=5 and BALB/c: n=6) were classified as small in size with I H and slow inward 317 current expressions without TOC (Fig. 4E) . Some cells showed rounded outward current without clear I A 318 in CP2-evoked current (C57BL/6: n=4/5 and BALB/c: n=3/6; Fig. 4E ), and others showed slowly-319 inactivated I A expressing a clear peak with AT at -20 or -40 mV. The rounded outward currents were 320 similar to reported properties of rat DRG types 7, 11 and 17 (Petruska et al., 2000b; Rau et al. 2011; 321 14 negative, similar to rat TG type 7 (Ono et al., 2010) and DRG types 11 and 17 (Rau et al. 2011; 2014) , but 323 inconsistent with rat DRG type 7 (Petruska et al., 2000b) . Because of the possibility of misclassification, 324 the type 7 was excluded from further analyses. 325
Type 8 cells (C57BL/6: n=5 and BALB/c: n=6) were classified as medium in size with I H , -20 mV at 326
AT and slow inward current expressions without TOC (Fig. 4F) . Two cells in each strain expressed 327 rapidly-inactivated I A component in CP2-evoked current (Fig. 4F) , corresponding to rat TG and DRG 328 type 8 cells (Petruska et al., 2000b; 2002; Xu et al. 2010) , while others expressed a slowly-inactivating I A 329 component. Furthermore, one cell expressing rapidly-inactivated I A in each strain was IB 4 -positive, which 330 is different from rat DRG and TG type 8 cells (Petruska et al., 2000b; 2002; Ono et al. 2010) . Since the 331 number of reliable type 8 cells was only one in each strain, the cell type 8 was excluded from further 332
analyses. 333
All type 9 cells (C57BL/6: n=9 and BALB/c: n=9), were defined as medium in cell size with neither 334 TOC nor I H , expressed slow inward current evoked by CP3 (Fig. 4G) . Almost all of them were IB 4 -335 negative (n=8/9 in each strain), but one neuron in each strain was IB 4 -positive, although all TG and DRG 336 type 9 cells have been reported to be IB 4 -negative (Petruska et al., 2000b; 2002; Ono et al. 2010 ). Many 337 of them expressed slowly-inactivating I A component, showing 0, -20 or -40 mV at ATs in CP2-evoked 338 current (C57BL/6: n=6/9 and BALB/c: n=5/9; Fig. 4G ) and others expressed no clear I A . The former 339 cases matched to reported rat TG and DRG type 9 (Petruska et al., 2000b; Xu et al. 2010) . Therefore, IB 4 -340 negative cells expressing slowly-inactivated I A were analyzed as type 9 cells in following analyses. 341
All type 13 cells (C57BL/6: n=8 and BALB/c: n=9), except for one C57BL/6 neurons, was classified as 342 medium in size. The cell size is the same as previously-reported for TG cell classification (Xu et al., 343 2010; Ono et al., 2010) . All cells exhibited both I H and TOC, slow inward current and slowly-inactivated 344 I A component, and 0, -20 or -40 mV ATs, in CP2-evoked current (Fig. 4H) . Almost all type 13 cells were 345 IB 4 -positive in both C57BL/6 and BALB/c (n=7/8 and 7/9, respectively; Fig. 5 ). Since the current, cell 346 size and IB 4 -binding profiles were similar to the parameters reported for rat TG and DRG type 13 (Jiang 347 et al., 2006; Xu et al., 2010) , all these cells were analyzed as type 13.
15
Finally, the five reliable cell types in the both mouse strains (types 1, 2, 4, 9 and 13: n=16, 28, 4, 5 and 349 8 in C57BL/6 and n=19, 24, 6, 5 and 9 in BALB/c) were compared by cell sizes and electrophysiological 350
properties. In both C57BL/6 and BALB/c, approximately 40% of type 1 cells (n=7/16 and 7/19, 351 respectively), all type 2 cells (n=28 and 24, respectively), approximately 80% of type 13 cells (n=7/8 and 352 7/9, respectively) were IB 4 -positive and all type 4 cells (n=4 and 6, respectively) and type 9 cells (n=5 and 353 5, respectively) were IB 4 -negative (Fig. 5A) . 354
Capsaicin sensitivity in the electrically-classified cell types. In C57BL/6, 40-60% of type 1, 2, 9 and 13 355 neurons (n=8/16, 12/28, 3/5 and 4/8, respectively) were capsaicin sensitive and all type 4 neurons (n=4) 356 were capsaicin insensitive (Fig. 5B) . In BALB/c, 40-50% of type 1 and 9 neurons (n=10/19 and 2/5, 357 respectively) were capsaicin sensitive and almost type 4 neurons (n=5/6) were capsaicin insensitive (Fig.  358 5B), similar to C57BL/6. Different from C57BL/6, all types 2 and 13 neurons from BALB/c were 359 capsaicin insensitive (Fig. 5B ). There were strain differences in capsaicin sensitivity for type 2 (P<0.01) 360 and 13 neurons (P<0.05); these types showed IB 4 -binding. In type 1, there was no significant difference 361 in current densities of capsaicin-induced currents between C57BL/6 and BALB/c (29.8 ± 14.6 and 36.0 ± 362 13.1 pA/pF, respectively). Since the type 1 was a mixed group with different IB 4 -binding properties (Fig.  363 5A), the cell type was further divided into IB 4 -positive and IB 4 -negative subgroups, similar to a previous 364 rat TG study (Ono et al., 2010) . In both IB 4 -positive and IB 4 -negative type 1 subgroups, proportions of 365 capsaicin sensitivity were similar (C57BL/6: n=1/7, 14.3% and 7/9, 77.8%, respectively and BALB/c: 366 n=2/7, 28.6% and 8/12, 66.7%, respectively; Fig. 5C ). Current densities of capsaicin-induced currents in 367 IB 4 -negative type 1 subgroup between C57BL/6 and BALB/c were similar (33.6 ± 16.3 pA/pF, n=7 and 368 44.1 ± 15.1 pA/pF, n=8, respectively). 369
Electrophysiological properties in the electrically-classified cell types. With regard to cell size and 370 electrophysiological parameters, we failed to detect any statistical significances between C57BL/6 and 371 BALB/c (Table 1) , indicating no large strain differences in cell size and basic electrophysiological 372
properties. Cell sizes of type 1 in both C57BL/6 and BALB/c were significantly smaller than many other 373 cell types (P<0.01 against types 2, 4, 9 and 13 in both strains). Similarly, C m s of type 1 were significantly 374 smaller than those of other cell types (P<0.01 against types 2, 4 and 13 in both strains and against type 9 375 in C57BL/6). Since R m is relatively dependent on cell membrane surface, small-sized type 1 and 376 small/medium-sized type 2 showed higher R m than other cell types of medium sizes (P<0.01 for type 2 377 against types 4 and 13 in C57BL/6; P<0.05 for type 2 against type 4 in BALB/c). E m s of type 4 in both 378 strains showed the lowest value among these cell types. Current densities of I H in type 13 in both strains 379
were significantly lower than those of type 4 (P<0.01 for both stains). Current densities of TOC in type 380 13 were smaller than those in type 2 (P<0.01 and 0.05 in C57BL/6 and BALB/c, respectively). 381
Thermal nociceptive thresholds. We analyzed the public database to identify C57BL/6 and BALB/c 382 differences in thermal thresholds. In the Mogil1 project, tail and paw withdrawal latencies to heat in male 383 C57BL/6 were significantly shorter than those in male BALB/c (Table 2 ). In the Jaxwest1 project, paw 384 withdrawal latencies in male and female C57BL/6 were significantly shorter than those in male and 385 female BALB/c (Table 2) . To validate these strain differences, we performed our own thermal 386 nociceptive testing (paw and head: 5 and 15 animals, respectively, in each strain). Withdrawal latencies of 387 the paw and the head in female C57BL/6 were significantly shorter than those in female BALB/c ( Table  388 2). From these collective results, C57BL/6 universally demonstrated higher thermal sensitivity than 389 BALB/c, independent of assay, anatomical location and sex. Furthermore, by systemic injection of a 390 TRPV1 selective antagonist JNJ-17203212, the head withdrawal latencies to heat stimulation were 391 significantly prolonged in both C57BL/6 and BALB/c (P<0.01 and P<0.05, respectively, 6 animals in 392 each strain; Fig. 6A ). Percent changes of the withdrawal latencies were similar between C57BL/6 and 393 BALB/c (144 ± 10% and 142 ± 10%, respectively) and they were significantly larger than control 394 injection groups (P<0.01, 96 ± 7% and P<0.05, 99 ± 10%, respectively, 6 animals in each strain). The 395 results suggest that the thermal pain behavior is mediated by activation of TRPV1 in both mouse strains. 
DISCUSSION
412
In this study, we evaluated TRPV1 expression and function in subsets of TG neurons from two inbred 413 mouse strains, C57BL/6 and BALB/c, which exhibited differences in thermal nociceptive behavior. Our 414 immunofluorescence and electrophysiological studies demonstrated that TRPV1 was expressed 415 significantly higher in IB 4 -positive TG neurons of C57BL/6 than BALB/c; however, cell morphology, 416 IB 4 -binding properties and electrophysiological parameters were similar between the two strains. Thermal 417 nociceptive behavior was determined using data from two publicly available datasets, and then validated 418 using our original behavioral data. The finding that C57BL/6 had higher thermal nociception than 419 BALB/c regardless of the nocifensive behavioral assay used, the region tested or the sex of the animal, 420
suggests that cutaneous thermal nociception among inbred mouse strains is genetically mediated. 421
Removal of IB 4 -binding TG neurons using IB 4 -conjugated saporin reduced thermal pain sensitivity in the 422 whisker pad of only C57BL/6, suggesting that IB 4 -positive sensory afferents contribute to cutaneous 423 nociceptive heat sensation in C57BL/6, but not BALB/c. 424 
